In this study it was compared the MAS-100 and the Andersen air samplers' performances and a similar trend in both instruments was observed. It was also evaluated the microbial contamination levels in 3060 samples of offices, hospitals, industries, and shopping centers, in the period of 1998 to 2002, in Rio de Janeiro city. Considering each environment, 94.3 to 99.4% of the samples were the allowed limit in Brazil (750 CFU/m 3 ). The industries' results showed more important similarity among fungi and total heterotrophs distributions, with the majority of the results between zero and 100 CFU/m 3 . The offices' results showed dispersion around 300 CFU/m 3 .
Several airborne infectious diseases have been related to the indoor air quality (Wasserman 1988 , Al-Dagal & Fung 1990 , Menzies & Bourbeau 1997 . These infections are attributed to a wide range of chemical, physical or biological pollutants, and/or contaminants, which were introduced or even produced in the environment (Hunter et al. 1988 , Rom et al. 1991 , Loudon et al. 1996 , Stone 2000 .
This scene becomes even more complex whether the indoor air is considered as a product which needs climatization and distribution process before people exposure. Nevertheless, some of these people can be extremely susceptible to chemical or biological pollutants. Therefore, due to their long exposure time at workplace, the companies' responsibility upon workers health should be properly managed.
The pollution of indoor environments has achieved great importance (Menzies & Bourbeau 1997 , Lee & Chang 1999 , 2000 . The increasing number of officially reported cases involving people with health problems, probably related to their professional environment, reduces the productivity and increases absenteeism (Al-Dagal & Fung 1990 , Chan 1999 , Stone 2000 , Wyon 2004 ).
In Brazil, the concern about indoor air as vehicle of pollutants and contaminants has assumed such impor-tance in the last years that a specific law was published, in order to standardize all the procedures related to operation and maintenance of air conditioning systems (Anvisa 1998) . Later, two laws were published by the National Agency of Sanitary Surveillance, Ministry of Health (Anvisa 2000 (Anvisa , 2003 , which established referential standards to indoor climatized air.
Nevertheless, there are many divergent aspects concerning these guidelines, for example the maximum limit of 750 colony forming units (CFU)/m 3 for fungi that, in fact, was stated without scientific basis. Besides, this parameter is used for all kind of environments and for different analysis techniques and there is no reference standard for bacteria, as well as a standard for the analysis technique.
There are a few scientific Brazilian papers related to this subject. In order to contribute to the knowledge of indoor air, this study evaluates the microbial contamination levels in offices, hospitals, industries, and shopping centers in Rio de Janeiro city; compares these results in relation to the official regulatory standards; investigates the influence of seasonality concerning the microbial contamination levels in offices and studies the indoor air quality focusing on temperature, air humidity, and the microbial contamination levels using a multivariate analysis technique, the principal components analysis (PCA). It was also elaborated a sampling collection program in order to compare the MAS-100 air sampler (Merck, Germany) to the single stage Andersen sampler (Andersen Instruments, US) performance, which is provided with an airflow rate in accordance with the Brazilian standard published by Anvisa (2000 Anvisa ( , 2003 .
MATERIALS AND METHODS
Air samplers performance -Fifty indoor air samples were collected in offices (25 of which were analyzed for total heterotrophs and 25 for fungi), throughout 8 working hours, in a climatized environment, located downtown in Rio de Janeiro city.
The single stage MAS-100 air sampler (Merck), at a flow rate of 100 l/min, and the single stage Andersen sampler (Andersen) at a flow rate of 28.3 l/min, were used simultaneously. There were collected 100 l of air with MAS-100 sampler, while the Andersen sampler allowed the collection of approximately 141.5 l of air in 5 min. The instruments were placed 1 m above the floor and at a distance of 1 m from each other.
Plate count agar (Difco) and malt extract agar (Difco) were used for total heterotrophs and fungi countings, respectively. The plate count agar plates were incubated at 35°C for 48 h and the malt extract agar plates at 25°C for 3 to 5 days. After the incubation period, the CFU were enumerated according to the methodology mentioned on the Resolution no. 09 of the Anvisa, Ministry of Health, Jan 16th 2003. The results of CFU were calculated for each instrument and reported as CFU/m 3 of sampled air.
Evaluation of microbiological contamination levels in indoor environments -
The rates frequency of bacteria and fungi in 3060 air samples were studied from 1998 up to 2002. These samples were chosen at random basis in Rio de Janeiro city, being 2066 from offices, 201 from shopping centers, 171 from hospitals, and 622 from industries (production areas). The industries studied produced pharmaceuticals and hospital materials. All the environments evaluated were provided with central conditioning air systems.
Samples of 100 l of air colleted from each place using MAS-100 (Merck) were analyzed according to the methodology described above.
Temperature and air humidity measurements were performed with a digital hygro-thermometer (Instrutherm H210) and were made simultaneously to the air sampling. The instrument was placed on the same surface of the sampler and about 50 cm far from it.
The data analysis used in this report was prepared separately for the different environments evaluated. Once there were more available results for offices during the period from 1998 to 2002, the results concerning this environment were analyzed for each of those years. In this way, for industries, hospitals, and shopping centers, this evaluation was done with data colleted in different years, as a single data set. This evaluation was also performed considering the seasonality.
PCA -
The correlation among four variables was investigated: number of total heterotrophs, number of fungi, temperature, and air humidity. One of the reasons for using the PCA (Massart et al. 1977 , Miller & Miller 2000 , Montgomery 2001 ) is the large set of data obtained in this study. Usually, these data are placed in tables with n lines and m columns, where the lines represent the samples and the columns represent the variables studied. This generates a matrix of data (n x m). Graphical visualization is generally used to get information from the results. However, when the number of variables is large, the plot of the data would result in a graphic with high dimension. As it is not possible to draw a plot in more than three dimensions, that is, a hyperplan, it is necessary to reduce this number. Then, the PCA technique is used. It reduces the number of variables through a linear combination of the original ones, projecting them in new axis, called principal components (PC).
The direction of the first principal component (PC1) is the one that presents major variance among the data of the original table and from where it is possible to get larger amount of information from the data set studied. The residues are expressed in a second axis orthogonal to the PC1, called the second principal component (PC2). Plotting PC1 × PC2, it is possible to observe the multidimensional set of data in only two dimensions. The maximum number of PC's is equal to the rank of the matrix (n × m). In a loading plot one can see which variables influence the distribution observed in the score plot.
The projection of the samples in the plan defined by two PC's, for example, PC1 and PC2, can be observed in a score plot, which is very used when it is necessary to determine the different behavior of the samples (objects). On the other hand, the projection of the variables in plans defined by two PC's is called loading plot.
Therefore, the most important variable is the one with greater loading in the PC. The interpretation is based on the direction where the variables are placed in this graphic.
Representing both, the score and loadings plots together, one obtains a biplot. In this plot it can be observed the information of the two others, besides checking the variables influence on the samples.
Once it is possible to visualize linear combinations of all the variables in two dimensions, it is assumed that this technique allows reducing the data set dimension, simplifying its interpretation.
The PCA was carried out through the program Unscrable Version 8.0, Camo Process AS, Norway, 2003.
RESULTS
The results obtained with both air samplers (MAS-100 and Andersen samplers) are showed in Fig. 1A-B . They varied approximately in the same range during the sampling period. Although the results were not exactly the same, in general, the MAS-100 and the single stage Andersen sampler performances were equivalent. The fungal counts ( Fig. 1A) as well as total heterotrophs counts ( Fig. 1B) showed the same trend for both instruments.
It was also detected a gradual reduction of the heterotrophs countings during morning period, which reached out its minimum value around the period when people were absent to have lunch. In the afternoon these countings rose gradually up to a maximum level at the end of working period (Fig. 1B) .
The fungi quantitative evaluation in offices, industries, hospitals, and shopping centers is shown in Fig. 2 . The results showed that 94.3, 96.5, 99.4, and 95.2% of the samples, respectively, were the maximum value established regulatory guideline (750 CFU/m 3 ).
If the same parameter were applied to the total heterotrophs countings 85.6% of offices, 90.8% of industries, 93.1% of hospitals would be considered in agreement with the regulations. For shopping centers, however, only 34.4% were found to be ≤ 750 CFU/m 3 (Fig. 2) .
The graphics presented in Fig. 3A -D allow a detailed analysis of the results distribution in classes of 100 CFU/ m 3 each. It is possible to notice different behavior profiles among the studied environments and the measured parameters (total heterotrophs and fungi).
The industries' results ( Fig. 3A) showed more important similarity concerning the samples distribution of fungi and total heterotrophs. In addition, these environments showed the lowest contamination levels, that is, the majority of the samples was between zero and 100 CFU/m 3 . Comparing industries and offices distributions, it is possible to notice that the offices' results ( Fig. 3B) showed a larger dispersion, around 300 CFU/m 3 , mainly concerning the airborne total heterotrophs. The same trend was observed concerning hospitals' results ( Fig. 3C ), despite the lower number of samples, with an average of 200 CFU/m 3 .
Shopping centers' environments ( Fig. 3D ) showed a profile result for fungi very similar to that observed in offices and hospitals. In this case the samples distribution tends to a normal pattern, with an average of 300 CFU/m 3 . Nevertheless, in relation to total heterotrophs, these studied samples presented a larger dispersion pattern than in the other environments. Considering all kinds of environments this had the highest average (1000 CFU/ m 3 ). Fig. 4 shows the monthly medias of the results separated according to their collecting period for total heterotrophs and fungi. The samples were collected from offices during the years of 1998, 1999, and 2000. The data from 2001 and 2002 were incomplete because, due to the regulations, total heterotrophs were not analyzed anymore. Therefore, the data we have since 2000 were not included in the Fig. 4 .
The total heterotrophs reached higher numbers in December, while fungi reached higher numbers in March, April, September, November, and December.
The plots obtained by PCA technique demonstrated the samples distribution in bidimensional space ( Fig. 5A-D) . The distribution was very homogeneous in the environments studied. This means that the analyzed air samples were similar, making a single group. The few samples, that were set apart from this group, corresponded to isolated cases, containing increased microorganisms countings when compared to the majority of the samples. However, such samples do not form a sub-group in relation to the bigger group.
In the obtained plots it is possible to observe that these samples were distributed according to three standards as showed in Fig. 5A -D: samples with high concentration of heterotrophs and low concentration of fungi (down and right); samples with low concentration of heterotrophs and high concentration of fungi (high and left) and samples with low concentrations of heterotrophs and fungi (at the center of the plots). There were few samples in which the concentrations of total heterotrophs and of fungi had increased at the same time (high and right), however, these samples did not form a fourth pattern.
The PCA technique showed that, in the studied samples, temperature and humidity did not demonstrate influence on airborne microorganisms numbers, except for a few hospital samples 111, 112, 114, 115, 117, 118, 119, 120) . 
DISCUSSION
There is still no consensus among experts regarding which methodology should be used for sampling bioaerosols and, to date, no standard method has been defined for enumerating microorganisms in indoor air quality investigations. Lee et al. (2004) stated that comparison of air samplers instruments are needed because sampling results using different methods might be more easily com-pared if consistent relationships between methods can be found.
In this study, despite the fact that the compared instruments have different flow rates, the conclusion that both performances are equivalent, suggests that the MAS-100 is as adequate as the Andersen equipment, which flow rate is cited in the regulatory standards applied in Brazil.
These results can be very useful considering that the use of portable air samplers offer a great benefit because they are very simple to use and provide equivalent performance to the standard one, simplifying the interpretation of the results of a great number of laboratories.
Although the good quality of the results obtained by multiple stage air samplers (May 1964) , it is important to emphasize that the use of this kind of instruments makes the analysis slow, complex, and expensive. Kotula et al. (1978) showed that there were technical and operational advantages on using single stage instruments and compared the effectiveness of a single and a multiple stage air samplers and found that the magnitudes of the differences were very small and of questionable importance.
In relation to the reduction of the total heterotrophs countings when less people are in the indoor environ- ment (Fig. 1B) , it suggests that there is some correlation between the number of people present at the office and the total heterotrophs counts. This information could be used as a parameter of an excess of occupants/m 3 or an insufficient air exchange rate. The same behavior observed for the fungal counts with the two samplers ( Fig. 1A) , on the other side, is in agreement with the fact that the most probable sources of air contamination by these microorganisms are the furniture and other materials available in the environment (Prahl 1992 ).
Actually, the Brazilian limit of 750 CFU/m 3 or any other, as a risk indicator to people's health, is only a suggestive parameter considering the lack of epidemiological studies that have focused on the relationship between concentrations of any fungal components and human disease. Nevertheless, concerning the majority sample results, it is possible to state that they are in accordance with the local regulatory guideline.
Some authors have already suggested very different upper-limit values for fungi. Miller et al. (1988) assumed a maximum air fungal counting of 150 CFU/m 3 and Morey et al. (1984) proposed that microbial contamination levels above 1000 CFU/m 3 could indicate contamination risks to indoor occupants. Oghke et al. (1987) used the medium value of a data set collected (100 CFU/m 3 ) in 11 public buildings as the maximum limit for fungi, suggesting that higher values must have had a probable fungi source that should be investigated. On the other hand, Yang et al. (1993) suggested a maximum limit value of 200 CFU/m 3 when they analyzed 2000 samples collected with a sixstage Andersen sampler.
The results observed in industries seem to be usual in this kind of environment and are surely due to the systematical and severe cleaning and sanitization program, especially in the production areas, as well as an efficient control of the air climatization systems, considering the needs to prevent product contamination by dusts or microorganisms.
The highest average (1000 CFU/m 3 ) observed in shopping centers could be explained due to the fact that the number of people visiting shopping centers is very high, which is a very different condition from the other environments studied. Once these people can be one of the natural sources of the airborne microorganisms, can also be expected that the total heterotrophs countings tend to present higher values when a great number, or even an excess of people, is inside this environment. Such assumptions lead again to the possibility of considering the total heterotrophic microorganisms, as well as fungi, as biological indicators of adverse situations for the indoor air quality. Few authors have worked with quantitative analysis of microorganisms in indoor environments. These studies, in general, were carried out in different conditions of those used in this one (Spiegelman & Friedman 1968 , Buttner & Stetzenbach 1993 , Stewart et al. 1995 , making difficult to compare these data. Macher et al. (1991) studied a single person home environment, during the period of two years just after its construction and occupation. They found low values for bacteria and fungi, 98 CFU/m 3 and 198 CFU/m 3 , respectively. However, this could be expected for that type of environment, where the occupation rate and activities carried out were very low. Leite et al. (2004) analyzed 312 samples of different environments in Brazil and, although they had adopted different methodology for collecting the samples, they found similar values to those presented in this work, with 88.78% of the analyzed samples having fungi countings ≤ 750 UFC/m 3 .
Regarding the seasonality, although Brazil is a tropical country, the warm temperatures reached from September to December, corresponding to the summer-spring period, can possibly produce an ideal environment for the growth of fungi, as well as for total heterotrophs. It has to be considered that the absence of filters in the external air inlets of the buildings is an ordinary practice in Brazil. The relative increase of the fungi counts in March and April, in autumn season, was influenced by high values only in 2000. Perhaps, these data are related to the variations of other environment factors such as air humidity and speed of winds, which happen to be different this year, so that further studies are necessary to correlate them.
The PCA results, showing little importance of temperature and humidity in relation to the microorganisms counts is disagreement with the works of Kethley et al. (1957) and Pasanen et al. (1991) , that related environmental parameters, such as the temperature and the air humidity as important factors for the development of bacteria and fungi.
On the other hand, the PCA results also suggest that, possibly, the temperature and air humidity changes in the offices and industries' samples have not been intense enough to cause such alterations, or are associated to other variables not studied yet, influencing these microorganisms dispersion or its elimination and leading to a lack of correlated results. The work of Zoberi (1961) corroborates this result when he assured that the reduction of the air humidity can speed up the release of fungi spores and, in this way, the reduction of this factor could cause an increase of the fungi counting values.
As previously described, distribution of heterotrophs and fungi countings plots, from 1998 to 2000, are in accordance with the influence of the temperature and the air humidity on the rates of microorganisms found. The months when an increase in the number of microorganisms was observed were those where the temperature and the air humidity normally rose in the outdoor environment. Probably, this would be the cause of the increased number of microorganisms inside the building.
Concerning hospital environments, it is of high relevance to remember that due to the nature of the activities developed in these places, we can find immunocompromised people, patients making use of respiratory therapy and catheters, or even, submitted to surgery and other invasive medical process. In this case, the identification of microorganisms species can be much more important than their amount determination in the air (Schaal 1991 , McDonald et al. 1998 ).
Finally, this study revealed that despite the great majority of the sites evaluated having shown suitable conditions, considering the current microbiological guideline, a continued surveillance must be applied periodically to detect possible changes in the background levels of airborne microorganisms, aiming the welfare and health of the people exposed to climatized indoor air.
